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Abstract 
The study      aims at      evaluating      the efficacy of different doses of       powdered stem and 
leaf                parts of Gmelina arborea on Dinoderus porcellus infesting yam chips in Jos 
metropolis. The experiment was conducted at the Entomology Laboratory      of the Federal 
College of Forestry, Jos. Samples of infested yam chips and Gmelina arborea were collected in 
Jos metropolis. Newly emerged adult Dinoderus porcellus      were exposed to the      yam chips 
which were mixed with different levels of Gmelina arborea parts powder (0, 5, 10, 15 and 20 
g). The setup was monitored for 120 hours and mortality recorded. The      study was carried 
out in a randomized complete design with treatments replicated thrice. Data was analysed 
using analysis of variance at 1 and 5 percent confidence level and Duncan test was used to 
separate the means. The      results obtained reveal      significant differences at p value=0.05 
and 0.01. The results reveal      that in all the doses, an increase in the amount      of the powder 
resulted in increased incidence of D. porcellus mortality. After 120 hours of exposure, 100 % 
mortality      was recorded from      either 15 or 20 g stem bark + leaf powder treatment. From 
the results obtained, the use of 15 g stem bark+leaf powder of Gmelina arborea could be 
effective in yam chips preservation which could           in turn  strengthen      food security. 
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Introduction 
Yam (Dioscorea spp.) is a widely      cultivated 
crop in Nigeria and it accounts for almost 75% of 
West Africa’s yield (FAO, 1993). The world total 
production of yam is estimated at 95%, most of 
which are cultivated      across sub Saharan Africa 
(FAOstat, 2010). Among the yam species, D. 
rotundata (white yam), D. alata (water yam) and 
D. cayenesis      (yellow or guinea yam) are the 
most produced and consumed in Nigeria (Amusa 
et al., 2003). Yam is a good source of 
carbohydrates, protein, vitamins and other 
essential minerals required by the body (Djeri et 
al., 2015). Yams are refined into several end  
 
 
products which are consumed in many parts of 
the tropics.  
 
Industrially, yam tubers are converted into 
poultry and livestock feeds, starch and yam flour. 
A major characteristic of this vital crop is its      
efficiency in providing food security, and its 
flexibility in planting due to its storability over a 
long time (Ocitti, 2001). 
Huge losses (30 to 85% of the entire production) 
are encountered by farmers during postharvest 
storage           (Baco et al., 2004). Hence, it is 
important to preserve yam to avoid these      
losses and to prolong their shelf life for year-
round consumption      (Agyei-Amponsah et al., 
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2014). To overcome the challenges of yam 
deteriorations and shortage of availability during 
the course of the year, consumers preserve yams 
traditionally by processing it into dried chips 
which further strengthen food security (Babajide 
et al., 2008). 
Yam cultivation, marketing and consumption are 
adversely hampered by several pests both in the 
fields and in storages. The infestation of this 
important staple food by insect pests leads to 
spoilage of yam and reduction in yield 
(Okoroafor, 2009). Yam tubers are susceptible to 
several families of insect pests and diseases in 
farmland as well as in storage. Infestation of 
yams by beetles, fungi, viruses and nematodes 
are the most challenging. 
To mitigate these effects, farmers adopt      the 
use of synthetic pesticides in prevention and 
control of yam pests     . However     , these 
chemicals      pose a major threat to consumer’s 
health and environment (Kalia, 2011). This 
necessitates the                search for safer control 
methods. Biological/botanical control methods                     
are environmentally friendly and confer      natural 
protections to the consumers. Several studies 
demonstrated that      plants in Africa      harbour 
some compounds with insecticidal potential. 
Based on this, the objective of the current study 
is to evaluate the mortality effect of stem bark 
and leaf powders of G. arborea on Dinoderus 
porcellus. 
 
Materials and Method 
Samples Collection  
The infested yam chips were collected in a sterile 
polythene bag. Both the stem bark and leaves of 
Gmelina arborea             were collected in      clean 
polythene bags from the Federal College      of 
Forestry, Jos, Nigeria, and submitted to a      
herbarium for identification. Twenty (20) fresh 
and healthy yam tubers      (Dioscorea rotundata) 
were procured from Farin Gada market, Jos, 
Nigeria, and packaged in a sterile nylon bag. One 
thousand grams (1000g) of infested yam chips 
was purchased from Fillin Ball market in Jos North 
Local government Area, plateau state. 
Preparation of Gmelina arborea Stem Bark and 
Leaf Powder 
The stem barks and leaves      of Gmelina arborea      
were      rinsed using clean water and dried at 
room      temperature (     25ºC) for 30days, after 
which they were pulverized, using mortar and 
pestle, into powder. The      powders were sieved 
to      obtain fine      particles using a 300 um pore     
-sized sieve (Loko et al., 2017). The powders 
were kept in polyethylene bags and stored for 
future use.      
Processing of Yam Chips  
Yam chips were made by slicing the collected yam 
tubers into pieces after peeling and washing 
under running water. The yam chips were boiled 
by heating in water at 50oC for 2h. The slices 
were removed and sun-     dried for 21 days. The 
dried chips were sterilized at 60oC for 4h      and 
packaged in      sterile polythene bags           and 
kept in the laboratory at ambient temperature. 
Rearing of Dinoderus porcellus 
To obtain D. porcellus, infested yam chips were 
purchased from Filin Ball market and maintained 
on healthy yam chips in the laboratory following 
the method described by Onzo et al. (2015). This 
was carried out in cylindrical plastic boxes opened 
at one extremity. For aeration, holes were      
made at the end of the box and covered with 
Muslim cloth to prevent the insects from 
escaping. Dry yam chips (500g) were infested in 
the plastic boxes with four hundred and fifty 
(450) adults of D. porcellus. The plastic boxes 
were kept on shelves in the laboratory at room 
temperature (Oni and Omoniyi, 2012). After two 
weeks of infestation, adult beetles were removed 
from the breeding boxes in order to obtain      F1 
generation that was used for all the experiments. 
Mortality Test 
Mortality investigation was conducted following 
the protocol described by Chebet et al. (2013) 
with little adjustment. Hundred grams of 
disinfected yam chips plus stem bark, leaf and 
stem bark + leaf powders of Gmelina arborea 
plant were mixed in a plastic box measuring 15 
cm high and 20 cm width     . Different dosages 
(5, 10, 15 and 20g) of the powdered plant parts 
were used. Adult insects (20), both male and 
female, were inoculated into the treated yam 
chips set up. Control was also set up (Insects + 
untreated yam chips). The boxes were sealed 
with a transparent muslin cloth to avoid escape      
of the insects.      Dead insects were counted after 
every 24hrs for five days     . Mortality rate was      
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calculated using the equation of Asawalam et al. 
(2006) 
Percent Mortality=   
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝐷.𝑝𝑜𝑟𝑐𝑒𝑙𝑙𝑢𝑠 𝑑𝑒𝑎𝑑 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷. 𝑝𝑜𝑟𝑐𝑒𝑙𝑙𝑢𝑠 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑 ×
 100                    
 
Experimental Design 
The 4 treatments (including the control) were 
arranged in a Completely Randomized Design 
CRD with each treatment replicated three times. 
Data analysis 
Data collected was subjected to analysis of 
variance (ANOVA) at 1 and 5% significant 
difference and the means separated using 
Duncan test 
Results and Discussion  
The results of      the mortality effects of Gmelina 
arborea parts on D. porcellus are presented in 
Table 1.           Increase in the      doses of the 
various parts of Gmelina arborea (leaf, stem bark 
and leaf + stem bark) led to increased D. 
porcellus mortality. A      highest mortality value 
of 15.00 ± 5.00 %           was observed at 24 hours 
when 20 g of stem bark + leaf powder was used. 
The results in Table 1 reveal      a significant 
difference between the treated yam chips and the 
control      at p≤0.05. Among the treated samples     
, 5 g dose of the various plant parts                 gave 
the least mortality percentage after 24 hours 
(Table 1).  
Also, a significant difference      （p≤0.05）     was 
observed as the time of exposure of D. porcellus 
to the various doses of the plant parts      is 
extended (Table 2). The D. porcellus mortality 
was generally      low      at      24 hours post 
exposure; and      the highest mortality was 
recorded at 120 hours of exposure. Stem bark + 
leaf powder (15 and 20 g, respectively) exhibited 
100.00 ± 0.00 % mortality      while the least dose 
(5 g) indicated 91.67 ± 5.77 % mortality at 120 
hours. Furthermore, the 15 and 20 g dose of stem 
bark + leaf showed no significant difference 
(p≤0.01) but all other treatments were 
significantly different at 120 hours (Table 5). 
Across the various doses and time of exposure of 
the different plant parts, analysis of variance 
indicated that there were      significant differences 
(p≤0.01) in mortality between the treated yam 
chips and the control (untreated yam chips).  
The mortality of D. porcellus in the treated yam 
chips could be attributed to the phytochemical 
constituents of the botanicals used (Chebet et al., 
2013). According to Iswarya et al. (2017) G. 
arborea is said to constitute compounds with 
pharmacological activities. Studies by De Bruyne 
et al. (1999) and Kaswala et al. (2012) showed 
that      G. arborea plant parts are strong 
antimicrobial agents. The tannin contained in G. 
arborea plant part powders possesses antiseptic, 
anti-inflammatory and antioxidant activities 
(Dolara et al., 2005). Extracts of medicinal 
botanicals have      been implicated in respiratory 
disorder in insects leading to insect internal 
organs failure (Kedia et al., 2015).  
Interestingly, though lower than the treated yam 
chips, the control showed some forms of 
mortality. This could be due to stress arising from 
handling or the insect health status. The results 
showed in this present study is in accordance with 
the investigation done by Estelle et al. (2018) 
whose  results indicated that the combined K. 
senegalensis B. sapida and B. ferruginea leaf 
powders at all doses gave efficient ability in 
dealing with D. porcellus.      Also, in another work 
by Angaye et al. (2017), the findings obtained are      
similar to this. Their      study demonstrated 
larvicidal potential of Gmelina arborea after 90 
days. 
 
Table 1: Percent Mortality of Adult D. porcellus at 24 Hours 
Treatment (g) 
Mean ± SD 
Leaf (%) Bark (%) 
Leaf +Bark 
(%) 
5 g 3.33 ± 2.89c 3.33 ± 2.89ab 3.33 ± 2.89b 
10 g 6.67 ± 2.89b 3.67 ± 2.89ab 8.33 ± 2.89ab 
15 g 8.33 ± 2.89b 6.67 ± 2.89a 10.00 ± 5.00ab 
20 g 11.67 ± 2.89a 5.00 ± 5.00ab 15.00 ± 5.00a 
0 g 1.40 ± 2.00d 0.80 ± 0.00b 1.10 ± 0.00c 
ANOVA 9.125 2.083 7.688 
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P-value 0.002** 0.158 0.004** 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same column are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
 
Table 2: Percent Mortality of Adult D. porcellus at 48 Hours 
Treatment (g) 
Mean ± SD 
Leaf (%) Bark (%) 
Leaf +Bark 
(%) 
5 g 15.00 ± 5.00b 16.67 ± 5.77a 16.67 ± 5.77d 
10 g 23.33 ± 2.89a 15.00 ± 5.00a 26.67 ± 2.89c 
15 g 26.87 ± 2.89a 18.33 ± 2.89a 35.00 ± 5.00b 
20 g 28.33 ± 2.89a 16.67 ± 2.89a 43.33 ± 2.89a 
0 g 6.11 ± 0.00c 2.33 ± 0.00b 3.78 ± 0.00e 
ANOVA 40.583 11.389 56.556 
P-value < 0.001** 0.001** < 0.001** 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same column are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
 
Table 3: Percent Mortality of Adult D. porcellus at 72 Hours 
Treatment (g) 
Mean ± SD 
Leaf (%) Bark (%) 
Leaf+Bark 
(%) 
5 g 31.67 ± 2.89c 35.00 ± 5.00ab 45.00 ± 5.00d 
10 g 43.33 ± 2.89b 33.33 ± 2.89b 56.67 ± 2.87c 
15 g 48.33 ± 2.89ab 41.67 ± 2.89a 66.67 ± 2.87b 
20 g 53.33 ± 7.64a 41.67 ± 5.77a 73.33 ± 2.87a 
0 g 7.45 ± 0.00d 5.03 ± 0.00c 4.22 ± 0.00e 
ANOVA 81.850 60.389 2536.333 
P-value < 0.001** < 0.001** < 0.001** 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same column are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
  
Table 4: Percent Mortality of Adult D. porcellus at 96 Hours 
Treatment (g) 
Mean ± SD 
Leaf (%) Bark (%) 
Leaf +Bark 
(%) 
5 g 51.67 ± 2.89c 61.67 ± 5.77bc 71.67 ± 2.89d 
10 g 65.00 ± 5.00b 60.00 ± 5.00c 81.67 ± 2.89c 
15 g 75.00 ± 5.00a 68.33 ± 2.89ab 91.67 ± 2.89b 
20 g 80.00 ± 8.66a 70.00 ± 5.00a 96.67 ± 2.89a 
0 g 9.420 ± 0.00d 11.13 ± 0.00d 8.34 ± 0.00e 
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ANOVA 116.969 141.227 698.125 
P-value < 0.001** < 0.001** < 0.001** 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same column are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
 
Table 5: Percent Mortality of Adult D. porcellus at 120 Hours 
Treatment (g) 
Mean ± SD 
Leaf (%) Bark (%) Leaf +Bark (%) 
5 g 80.00 ± 5.00c 90.00 ± 5.00b 91.67 ± 5.77b 
10 g 90.00 ± 5.00b 93.33 ± 2.89ab 96.67 ± 2.89ab 
15 g 96.67 ± 2.89a 95.00 ± 5.00ab 100.00 ± 0.00a 
20 g 98.33 ± 2.89a 98.33 ± 2.89a 100.00 ± 0.00a 
0 g 12.61 ± 0.00d 12.52 ± 0.00c 9.82 ± 0.00c 
ANOVA 386.375 401.063 682.800 
P-value < 0.001** < 0.001** < 0.001** 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same column are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
The      activities      of the various doses of Gmelina 
arborea powdered parts      against D porcellus 
showed significant differences across the various 
time intervals except at 24 and 120 hours. The 
results depicted in Table 8 illustrated that the use      
of 20 g      Stem bark + leaf powder exhibited the 
highest insect mortality value of 43.33 ± 2.89 % 
when compared with other parts at the same time 
(48 hours). This trend continued as the time      of 
exposure was      extended.  
Analysis of variance indicated significant 
difference (p ≤ 0.01) at 96 hours. Twenty grams 
of stem bark + leaf showed the highest      
mortality value of 96.67 ± 2.89 % while the 
lowest mortality value of  51.67 ± 2.89 % was 
observed using 5 g leaf powder at the same time      
(96 hours) (Table 9). Interestingly, at 120 hours, 
all the doses of Gmelina arborea powdered part      
(5, 10, 15 and 20) indicated no significant 
difference (p ≤ 0.01), however, 100 % mortality      
was recorded using either 15 or 20 g stem bark 
+ leaf powder (Table 10).  
In general, the comparative analysis revealed 
that increasing      the      time of exposure of D. 
porcellus      to Gmelina arborea powdered part       
dose      increased the rate of D. porcellus 
mortality. This is consistent      with the study of 
Oladejo et al. (2020) which demonstrated that 
increase in concentrations of the treatments and 
extended time led to increased      mortality rate 
of      S. zeamais. The efficacy of the different 
parts of Gmelina arborea part powders on insects 
varied. Aktar, (2004) suggested that it could be 
due to species susceptibility and chemical 
composition. In the current research, mortality of 
adults D. porcellus varied with the dosage of the 
plant parts. The results of this work revealed that 
in all the doses, an increase in the amount      of 
the powder resulted in lower incidence of D 
porcellus infestation. 
 Botanicals in several parts of the world especially 
in developing countries have been consumed due 
to their health benefits. Report by WHO revealed 
that developing countries like India, depend 
solely on medicinal plants and compounds from 
botanicals for the treatment of different illnesses 
(Sakthivel et al., 2017).
 
Table 6: Comparative Percent Mortality Effect of G. arborea Powders at 24 Hours 
Treatment (g) Mean ± SD ANOVA P-value 
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Leaf (%) Bark (%) 
Leaf +Bark 
(%) 
5 g 3.33 ± 2.89 3.33 ± 2.89 3.33 ± 2.89 0.000 1.000 
10 g 6.67 ± 2.89 1.67 ± 2.89 8.33 ± 2.89 4.333 0.068 
15 g 8.33 ± 2.89 6.67 ± 2.89 10.00 ± 5.00 0.600 0.579 
20 g 11.67 ± 2.89 5.00 ± 5.00 15.00 ± 5.00 4.000 0.079 
0 g 1.01 ± 0.66 1.40 ± 1.01 1.07 ± 2.60 NA NA 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same row are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
 
Table 7: Comparative Percent Mortality Effect of G. arborea Powders at 48 Hours 
Treatment (g) 
Mean ± SD 
ANOVA p-value 
Leaf (%) Bark (%) 
Leaf +Bark 
(%) 
5 g 15.00 ± 5.00 16.67 ± 5.77 16.67 ± 5.77 0.091 0.914 
10 g 23.33 ± 2.89a 15.00 ± 5.00b 26.67 ± 2.89a 7.800 0.021* 
15 g 26.87 ± 2.89b 18.33 ± 2.89c 35.00 ± 5.00a 15.000 0.005** 
20 g 28.33 ± 2.89b 16.67 ± 2.89c 43.33 ± 2.89a 64.333 <0.001** 
0 g 2.90 ± 0.50 2.20 ± 9.01 2.00 ± 0.00 NA NA 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same row are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
 
Table 8: Comparative Percent Mortality Effect of G. arborea Powders at 72 Hours 
Treatment (g) 
Mean ± SD 
ANOVA p-value 
Leaf (%) Bark (%) 
Leaf+Bark 
(%) 
5 g 31.67 ± 2.89b 35.00 ± 5.00b 45.00 ± 5.00a 7.429 0.024 
10 g 43.33 ± 2.89b 33.33 ± 2.89c 56.67 ± 2.87a 49.333 <0.001** 
15 g 48.33 ± 2.89b 41.67 ± 2.89c 66.67 ± 2.87a 60.333 <0.001** 
20 g 53.33 ± 7.64b 41.67 ± 5.77c 73.33 ± 2.87a 23.083 0.002** 
0 g 5.33 ± 0.22 7.61 ± 5.04 5.01 ± 0.08 NA NA 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same row are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
 
Table 9: Comparative Percent Mortality Effect of G. arborea Powders at 96 Hours 
Treatment (g) 
Mean ± SD 
ANOVA p-value 
Leaf (%) Bark (%) 
Leaf +Bark 
(%) 
5 g 51.67 ± 2.89c 61.67 ± 5.77b 71.67 ± 2.89a 18.000 0.003** 
10 g 65.00 ± 5.00b 60.00 ± 5.00b 81.67 ± 2.89a 19.857 0.002** 
15 g 75.00 ± 5.00b 68.33 ± 2.89b 91.67 ± 2.89a 31.200 0.001** 
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20 g 80.00 ± 8.66b 70.00 ± 5.00b 96.67 ± 2.89a 15.077 0.005** 
0 g 7.19 ± 0.55 8.37 ± 3.02 6.08 ± 2.04 NA NA 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same row are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
 
 
Table 10: Comparative Percent Mortality Effect of G. arborea Powders at 120 Hours 
Treatment (g) 
Mean ± SD 
ANOVA p-value 
Leaf (%) Bark (%) Leaf +Bark (%) 
5 g 80.00 ± 5.00 90.00 ± 5.00 91.67 ± 5.77 4.300 0.069 
10 g 90.00 ± 5.00 93.33 ± 2.89 96.67 ± 2.89 2.400 0.171 
15 g 96.67 ± 2.89 95.00 ± 5.00 100.00 ± 0.00 1.750 0.252 
20 g 98.33 ± 2.89 98.33 ± 2.89 100.00 ± 0.00 0.500 0.630 
0 g 9.20 ± 3.30 10.17 ± 0.60 9.93 ± 2.09 NA NA 
Values are means of triplicate readings. Mean values were separated using Duncan multiple range tests. 
Mean values with different superscripts in the same row are significantly different. 
NA: Not applicable. 
* = significant difference exists at p ≤ 0.05 
** = significant difference exists at p ≤ 0.01 
Conclusion 
 
Post-harvest losses caused by Dinoderus 
porcellus is a major challenge facing farmers in 
Nigeria, hence the need for research of this kind. 
From the results obtained, the botanical powders 
showed more efficacy against Dinoderus 
porcellus as the dose level and time of exposure 
are      increased. Stem bark + leaf powder 
exhibited 100 % mortality at 120 hours using 15 
g powder. The readily availability and 
environment friendliness of Gmelina arborea 
makes it a good yam chips preservative which will 
lead to reduced post-harvest losses. Further work 
is encouraged to determine the effectiveness of 
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